A national survey of physics faculty was conducted to investigate the prevalence and nature of computational instruction in physics courses across the United States. 1246 faculty from 357 unique institutions responded to the survey. The results suggest that more faculty have some form of computational teaching experience than a decade ago, but it appears that this experience does not necessarily translate to computational instruction in undergraduate students' formal course work. Further, we find that formal programs in computational physics are absent from most departments. A majority of faculty do report using computation on homework and in projects, but few report using computation with interactive engagement methods in the classroom or on exams. Specific factors that underlie these results are the subject of future work, but we do find that there is a variation on the reported experience with computation and the highest degree that students can earn at the surveyed institutions.
I. INTRODUCTION
The 21st century scientific world revolves around computation. For example, modeling core collapse supernovae, investigating pathways to chaos in electrical systems, and analyzing velocimetry data in mixing experiments, all require computational tools, methods, and practices. Computing is part and parcel to many of the modern research efforts in physics. In fact, the development of new computational approaches and algorithms has helped support a number of important recent discoveries in physics including the Higgs' Boson [1] and the merger of black holes [2] . Including computation into physics courses is essential for the major to keep pace with current trends in research, industry, and, more broadly, an increasingly data-rich and model-driven society. AIP reports that 75-90% of bachelors graduates are programming in their industrial positions while 50-60% are performing some form of simulation and modeling [3] . Recently, there have been calls to better represent computation in undergraduate coursework [4] . More and better computational instruction has the potential to introduce students to physics as the discipline currently exists and to broaden career opportunities for graduating students.
A number of attempts have been made to integrate computation more fully into the undergraduate curriculum [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Many of the examples of this work were developed (and sustained) by faculty who have been engaged with computational physics as a core component of their professional research. To support incorporating * Corresponding Author: caballero@pa.msu.edu computation more broadly, we must look beyond those faculty with research expertise in the area and to the rest of the faculty who are interested in and are likely supportive of computational instruction. Those faculty might be willing to make changes to their instruction, but, perhaps, they are constrained by time, energy, perceived expertise, or any combination of thereof.
This situation presents an opportunity for physics education researchers to support computational instruction by through institutional change research, the professional development of faculty, as well as the development of research-based instructional strategies and computational assessments. Because computational instruction is not yet widely used in physics, the field of computational physics education research is relatively wide-open. While we might draw on the more than 40 years of work in PER, specific research knowledge and instructional best practices are only beginning to be formed. What is presented in this paper is the initial landscape of computational instruction across the country.
As we consider how computation is included into coursework and how faculty choose to incorporate it into their courses, it becomes readily apparent that the state of computational instruction across the United States is a relative unknown. A survey of faculty across the country was conducted nearly a decade ago [18, 19] , but how those initial findings have changed is important for the physics education community to understand. Furthermore, detailed information about faculty attitudes about and experiences with computation as well as any perceived barriers towards the greater use of computation are undocumented. In this research, we ask: what is the current state of computational instruction in physics departments across the country?
In this paper, we describe the results from a na-tional survey of faculty that aimed to investigate the current state of computational instruction in undergraduate physics programs across the United States. Here, we report on the prevalence and nature of computational instruction in physics departments. That is, we have limited our presentation to reporting frequencies and to performing some cross-tabulations. For the sake of clarity and brevity, we have saved investigations of trends in faculty responses and any inferential analyses for future work. We should note that this survey was conducted in collaboration with the American Institute of Physics (AIP) by whom the second author (LM) is employed. AIP will be publishing its own report on this effort. The paper is organized as follows: In Sec. II, we present the motivation for the survey and situate it in the context of prior work. We discuss the design of the survey including its validation and the sampling process in Sec. III. The results from the survey and their implications are discussed in Sec. IV and Sec. V respectively. We conclude with important questions for future analyses in Sec. VI.
II. MOTIVATION AND BACKGROUND
Working to integrate computation into physics courses demands that we understand the nature of computational instruction including the current state of that instruction, what variations we observe in the implementation of computation, and what factors support or inhibit departments and faculty moving towards computational instruction. Chonacky and Winch conducted a survey of faculty over a decade ago [18, 19] . The authors intended this survey to identify faculty early-adopters of computation, establish a detailed database of computational activities, confirm the importance attributed to computation in courses, and manifest how insular the beliefs that computation is important are within departments.
Responses to the survey were collected from 252 physics departments -out of around 762 such departments at the time (∼33% response rate). The survey uncovered that most respondents (∼80%) agreed that "computed numerical approaches to learning physics principles ought to share the stage with analytic approaches" and, similarly, that most (∼68%) disagreed that "analytic approaches to learning physics principles are necessary and sufficient for educating physics student." But, fewer that 20% of the respondents reported including computation in their coursework. This work brought to light an interesting dilemma in the work of integrating computation into physics courses. Physics faculty recognize the importance of an educational experience that includes computation and, yet, the vast majority do not include computation in their courses.
Our current research aimed to expand on this work by designing a more thorough survey and by leveraging the expertise of AIP in its design and distribution. While the Chonacky and Winch survey provided some important information, it was quite limited in scope and depthcontaining roughly ten questions -and was not validated in traditional sense of survey research [20] . Additionally, we were interested to know if the state of computational instruction and the attitudes around it have changed in the last decade.
The work presented here represents the development of a survey in collaboration with AIP that aimed to investigate five areas: As the survey questions span a substantial space, we limit our analysis in this paper to item 1. Future work will explore items 2-5 in more detail. By working with AIP, we were able to leverage the whole of AIP's experience in survey design and deployment. This ensured that we developed a rigorously-validated survey that lends itself to basic analytical approaches, which is what we present here. Inferential analysis that can offer explanations of these results presented here will be the subject of future work. In addition, we were able to distribute our survey easily to physics departments and faculty across the United States quite easily -a definite challenge for Chonacky and Winch at the time [18] .
III. SURVEY DESIGN AND DISTRIBUTION
The design and distribution of the survey took place ina. Development of Scope We intended the results of this survey to be useful to a variety of stakeholders in the physics community. Thus, deciding what areas the survey should include and what areas it could leave out was not a decision to make in the absence of community. We convened a meeting of 24 stakeholders from across the United States with the mission of helping us to collectively develop and define the areas that the survey would probe. Industry professionals, physics faculty, curriculum designers, educational researchers, and recentlyemployed bachelors graduates met for a two-day working meeting to help the project team define the foci of the survey. We engaged participants with discussion across a variety of topics related to computational physics instruction in small groups -all while taking field notes on the discussion. As we progressed over the two day period, nucleations of the aforementioned five areas became clear. In the final hours of the meeting, project staff presented these five areas to participants -opening the floor to discussion and critiques. Participants generally agreed with the importance of the five areas over the (many) other possible topics discussed during the meeting. Some more senior participants offered advice in addressing items that might fall under each area, but no survey items were immediately developed during that meeting.
b. Construction of Items
With the five areas defined by stakeholders, the project team convened a two-day meeting at AIP headquarters to work to develop an initial draft of the questions. First, we worked to better define each area, and then to develop broad open-ended questions that could be classified under one or more areas. Questions such as: "What are departments actually doing with computation in their undergraduate program?" and "If faculty value teaching computational physics to their students, why? That is, which aspects are valued?" were developed to focus our discussion. This exercise helped to make sure that the project team were understanding each other's goals and that we could justify why to ask certain questions and not others. The resulting open-ended questions more narrowly constrained the scope of the survey and allowed us to work closely during a third, in-person meeting to draft individual survey items. Items were developed from these broad questions and by drawing on the tacit knowledge of AIP staff about the nature of appropriate survey questions. For example, the question "What are departments actually doing with computation in their undergraduate program?" became a single binary question ("Does your department, including efforts by individual faculty members, teach computational physics (see question below for examples) in its undergraduate curriculum?") coupled to a series of binary questions ("If Yes, please select all the ways used to teach computational physics in your department:"). Through this process, we initially produced a set of survey items that was about 25% longer than AIP suggested. These suggestions were based on their empirical evidence of survey fatigue. Several online meetings were held to The number of institutions with a given number of respondents is shown. 40% (144) of institutions had one faculty member respond to the survey while the remaining institutions (213) had more than one respondent including some institutions with more than 10 respondents and one with 35 respondents. cull and to combine redundant survey items to fit within AIP's guidelines. The resulting survey has a total of 187 items, which are subject to binary logic such that any one survey participant was likely to see less than 60 items.
c. Validation with Sample Participants AIP will typically distribute surveys to a small subset of the community that they are surveying. The rationale behind this is to validate the survey prior to sending it out more broadly. A sample survey was distributed to seven faculty who were representative of the faculty that might receive the survey. These validators were asked to take the survey and offer their feedback on scope and wording, as well as to articulate any confusion they had when completing the survey. Of these seven, we included three of the five faculty participants from the initial planning meeting. The result of these discussions with all seven faculty validators was that the survey items were mostly clear and interpretable, likely owing to AIP's experience in crafting such surveys. Minor critiques on wording were incorporated by AIP staff into the finalized version of the survey. After the validated version was produced, the survey was distributed online to a subset of the intended population to ensure that the survey itself collected appropriate data, that the logic worked properly, and that the resulting data collected online was interpretable.
d. Distribution and Sampling Process The survey was distributed to a pseudo-random sampling of physics departments across the country. We ensured that a random sample of each category of institution for which AIP collects data was represented: Institutions offering terminal degrees at different levels: BS, MS, PhD; Researchintensive universities; Liberal arts and science Colleges; Two-year colleges; small, medium and large schools; as well as small, medium, and large graduating classes of physics majors. In the United States, there are around 750 institutions that offer bachelor's degrees in physics of which ∼66% are predominantly undergraduate institutions; ∼7% are Master's institutions; and ∼25% are PhD granting universities. In addition, there are nearly 1500 two year colleges in the US. So within each of these categories our selection process was random, but we intended to sample from each category. A random sample of faculty within a selected institution were contacted to complete the survey. Ultimately, our data set contained responses from 1246 faculty at 357 unique institutions. In our sample, 139 institutions were two year colleges (9% of total), 153 were undergraduate institutions (30% of total), 18 were Master's institutions (33% of total), and 47 were PhD institutions (25% of total). Fig. 1 shows the number of institutions with given number of respondents. 40% of institutions (144) had only one faculty respond to the survey while the remaining 213 had more than one respondent including some departments with as many as 10 or more faculty responding to the survey.
IV. RESULTS
The data collected from these 1246 faculty was analyzed to investigate issues associated with item 1 (Sec. II). Reporting these data is difficult given the variation of responses from faculty at a single intuition. That is, reporting results in terms of the percentage of respondents overweights the responses of larger departments or departments who had more faculty respond to the survey. In addition, within faculty in a given department, there was sometimes disagreement on the some of the most fundamental questions (i.e., "Does your department offer a degree in computational physics?"). Hence, we have decided to present the data in two forms: (1) the fraction of departments with at least 50% surveyed faculty responding positively and (2) the fraction of departments with at least 1 faculty member responding positively. Obviously, the fraction of departments reported in the second format is equal to or larger than the first format.
Faculty taking the survey were presented with the following inclusive definition of computation, For the purposes of this survey, we are taking a broad view of computation, which includes a wide spectrum of examples such as: having students work with simulations and/or algorithms, giving students pieces of code to complete on their own, and/or advising students on undergraduate research projects where they write code from scratch.
Defining computation for faculty in this way was done in an attempt to ensure that all faculty were working from the same definition when completing the survey. This approach was strongly suggested by the participants in the two-day workshop as each participant had their own definition of computation. By making this definition inclusive, we suggest that these data represent an upperlimit on the prevalence of computational instruction.
In Fig. 2 , we find that at least 50% of surveyed faculty at 55% of institutions (N tot = 357) responded that they have experience teaching computation to undergraduate physics students (blue bar). However, 74% of departments had at least one faculty member who responded that they have experience teaching computation to undergraduates (green bar).
While a significant number of faculty report to have experience teaching computation to undergraduates (Fig. 2) , the proportion of faculty that report that their departments teach computation to undergraduates in formal course work is lower. For introductory-level courses, 24% of departments have at least 50% of surveyed faculty reporting that computation is taught in this courses (Fig. 3 . This fraction is similar to departments with more than 50% of faculty reporting the computation is taught in some advanced-level courses (also Fig. 3) . In fact, a contingency table analysis of these data suggest that there is no association with the proportion of departments reported to teach computation and the level of the course (χ 2 = 1.43, p = 0.23, ν = 1). However, we find that the fraction of departments with at least one faculty member reporting that computation is taught in introductory or advanced courses is just above 50% for both and similarly there is no association between the frequency of reporting and course level.
The specifics of the courses in which computation was taught were not directly captured. Hence, these courses reported in Fig. 3 data. However, specific questions about the nature of the tasks that students complete in these courses were asked of all faculty who responded that computation was taught in some course. Faculty were asked if homework, projects, interactive activities, and exams that made use of computation were used in these courses. From Fig. 4 , we find that out of the 195 departments with at least 50% of surveyed faculty reporting that computation is taught, slightly more than 50% (106 departments) report that some form of computational homework is used. This fraction is increased to 63% when we instead use the number of departments with at least one faculty member reporting the use of computational homework. The number of departments in this analysis increases from 195 to 263, but the number of departments where one faculty member reports using computational homework increases disproportionately to 182. We find a similar fraction of departments (98 departments) that have at least 50% of faculty reporting using computational projects. Again, this proportion grows as we include any department with one faculty member reporting that they use computational projects. Again, there are 263 such departments with 170 having at least one faculty member reporting the use of computational projects.
For classroom activities that make use of some form of interactive engagement [21] , we find fewer faculty report using such activities with computation than homework of surveyed faculty reporting experience teaching computation in undergraduate physics, the percentage of departments with at least 50% of surveyed faculty using computational homework problems, computational projects, interactive computational activities, and computational exam problems are shown (blue bars). For the 263 departments with at least 1 faculty member reporting this teaching experience, the percentage of departments with at least 1 surveyed faculty member reporting the use of these course materials is also shown (green bars).
or projects (Fig. 4) . Less than 25% of departments have at least 50% of faculty report using interactive engagement activities with computation. This proportion does increase to just below 40% when we consider a single faculty member's response. Similarly, the reporting of assessment of computation through the use of examinations is low compared to homework and projects. Less than 25% departments have 50% or more of their faculty report assessing computation on exams. This fraction increases to 35%, as the inset indicates, when considering the responses of a single faculty member. Some departments offer formal programs to support computationally-interested students including majors and minors in computational physics. The percentage of departments offering majors and minors (Fig. 5) are shown for the 195 departments with at least 50% of surveyed faculty reporting experience teaching computation. The percentages of such departments are quite low, 7% and 3% respectively. These percentages increase slightly for both majors (18%) and minors (8%) when considering the report of a single faculty member (263 departments). There are a number of factors that could be mediating the results presented in Figs. 2-5 . The type of institution including its resources and focus could limit or enhance the use of computation in different courses. Faculty have a variety of backgrounds and opinions about computation that might further mediate these outcomes. Given the scope of this paper, a detailed exploration of the mediating factors using inferential analysis will be the subject of future work.
However, we can observe a clear variation in the reporting of experience with computational instruction by an institution's highest degree (Fig. 6) . Here, we observe that faculty teaching at institutions offering Associates degrees report the least experience with teaching computation while those at Bachelors, Masters, and Doctoral institutions report more experience. That is, the fraction of departments with more than 50% of faculty reporting experience with computation varies with institution type. A contingency table analysis (χ 2 = 27.38; p 0.05; ν = 3) shows an association with the prevalence of computational teaching experience and an institution's highest available degree. However, pairwise χ 2 comparisons using a Bonferroni correction (p < 0.0125) demonstrate that this effect is only due to a lower fraction of two-year college faculty reporting they have computational teaching experience. In this data, there is no statistically significant association between percentage of departments with at least 50% of respondents reporting computational teaching experience and different classes The percentage of departments with at least 50% of surveyed faculty at an institution reporting that they have experience teaching computation varies by the highest degree that students can earn in physics.
of institutions that grant 4 year physics degrees.
V. DISCUSSION
From the analysis presented in Sec. IV, we find wide variation among faculty responses within individual departments about factors that one might assume most members of the faculty within that department would be aware (e.g., Does the department offer a degree in computational physics?). To deal with this variation, we have reported an upper-limit to the prevalence of computational instruction by using any single faculty member's report as representing the whole department (green bars in Figs. 2-5 ). We have also offered a conservative estimate of the same by counting results only when more than 50% of respondents from a department respond in the affirmative. Additionally, we believe it is likely that those faculty who completed the survey were those who were more likely to be computational users -simply because the nature of the survey was one that would be of interest to such faculty. Thus, for the purposes of discussing the current state of computational instruction in departments, we will use this conservative estimate to both address the observed variation and expected bias.
We find that a majority of faculty respondents report some experience teaching computation to undergraduate students and that a majority of departments have at least 50% of faculty reporting having such experience (Fig. 2) . This demonstrates a growth in faculty expertise over the last decade based on the survey conducted by Chonacky and Winch [18, 19] . However, this increase in reported experience does not appear to translate over entirely to teaching computation in formal courses (Fig. 3) . Around 25% of departments report teaching computation in some introductory or some advanced course. What is interest-ing to note is that the fraction of departments reporting teaching computation in either introductory or advanced courses does not differ significantly. Hence, there is an opportunity for physics education researchers to help translate faculty experience into practice at all levels of computational instruction.
With regard to the nature of the instruction, we find that most departments have faculty using computation on homework assignments and in project-based formats. Such activities are typically designed for students to complete outside of class on their own time with support from faculty coming in different forms based on the faculty member's availability, schedule, and teaching practices. Less than 25% of departments have faculty reporting that they use interactive activities for computational instruction in class or present students with computational problems on exams. The first of these activities could, in principle, borrow from substantial literature on active-learning in physics [21] , but the specific techniques for teaching computation interactively and the necessary tools to do so (e.g., clicker questions and tutorial activities) have not been broadly developed and disseminated. There is a unique opportunity to develop and test interactive methods for computational instruction at a variety of course levels, which are grounded in both learning theory and best practices for instruction. Here, physics education research can offer significant support through research studies on how students approach computational work and what challenges they might face [9, 22] . Moreover, the low fraction of departments with faculty who report using computational questions on exams is suggestive of an additional challenge -the nature of computational assessment. Assessing how students have learned computation is not something that readily translates over to standard examination practices in physics. This kind of summative assessment could be quite difficult to conduct, especially at scale. As such, there is an additional opportunity to develop assessments and assessment practices that can investigate what students have learned after an experience with computation in a physics course.
Finally, the specific features that inhibit or support computational instruction are likely to stem from departmental and faculty factors. Indeed, it is likely the case that important factors are combinations of resources, background, experience, and personal opinions -all of which are interrelated in some way. While we have presented one of these factors (Fig. 6) , a detailed analysis that unpacks and discusses these features will be presented in future work. For the purposes of this work, we do find, as an example, that there might be an opportunity for professional development with two-year college faculty. That being said, how to support all college faculty who are interested in incorporating computation is an open question and an area that physics education researchers might support through by curriculum and professional development activities.
VI. CONCLUSION AND FUTURE WORK
We have reported on a survey aimed at determining the prevalence and nature of computational instruction in physics courses across the United States. In conducting this survey, we received responses from 1246 faculty at 357 unique institutions. This work demonstrates that the needle has moved slightly with regard to instruction in computation, but that there is a significant opportunity for the PER community to support the development of materials, teaching practices, and assessment strategies across all levels of computational physics instruction. Furthermore, there is a dire need to perform research in these environments at a variety of scales. With regard to this survey, additional work is needed to examine the underlying factors that are suggestive of whether and how faculty choose to teach computation in physics courses. The barriers that faculty perceive, the resources that might support their move toward integrating computation, and the attitudes that faculty hold about computation are all data collected by the survey. Future work will investigate how these factors are indicative of efforts to teach computation in physics courses. Models of these data should provide suggestions for faculty and departments looking to support the integrating computation into their physics courses.
